Where is 'outside' in cytochrome c oxidase and how and when do protons get there?
Cytochrome c oxidase moves both electrons and protons in its dual role as a terminal electron acceptor and a contributor to the proton motive force which drives the formation of ATP. Although the sequence of electron transfer events is well-defined, the correlated mechanism and routes by which protons are translocated across the membrane are not. A recent model [Michel, Proc. Natl. Acad. Sci. USA 95 (1998) 12819] offers a detailed molecular description of when and how protons are translocated through the protein to the outside, which contrasts with previous models in several respects. This article reviews the behavior of site-directed mutants of Rhodobacter sphaeroides cytochrome c oxidase in the context of these different models. Studies of the internally located lysine 362 on the K channel and aspartate 132 on the D channel, indicate that D132, but not K362, is connected to the exterior region. Analysis of the externally located arginine pair, 481 and 482, and the Mg/Mn ligands, histidine 411 and aspartate 412, which are part of the hydrogen-bonded network that includes the heme propionates, indicates that alterations in this region do not strongly compromise proton pumping, but do influence the pH dependence of overall activity and the control of activity by the pH gradient. The results are suggestive of a region of 'sequestered' protons: beyond a major energetic gate, but selectively responsive to the external environment.